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Th«  rmearch  reported  hen  ripruianti  it  preliminary  effort  to  evaluate 
tha  poiaibls  Impact  on  quantitative  agrobiological  studies  of  the  air  Ion 
content  of  tits  tailing  anvironmant. .  It  ta  in  heaping  with  a  pravioua  raport 
that  autttmtriaad  prnant*day  knowiadga  on  air  ion  effacta  and  liatad  a 
number  of  poiaibla  research  application!  (Technical  Study  40,  fab.  1962). 

Tha  author!  wish  to  at  knowiadga  tlm  technical  aaalitanua  of  Frnfaaaor 
Dominic  draco  and  Mr.  lam  P.  Bailey  of  Safety  Division, 


ABITIAQT 

i1i«  affect  of  positively  and  negatively  charged  air  lone  on  aaroaola  of 
Hartal ia  marceititiitt  was  evaluated  by  comparing  rataa  rf  aKponantlal  bacterial 
decay,  Inna  of  both  polaritiaa  ware  raaponiible  for  algnlf leant  inoraaaaa 
in  tha  main  axpanantlal  dicay  rataa  whan  compared  with  a  non-lontaad 
ambient  itmoipnara,  Nagativa  ion  atmoipharaa  ware  shown  to  be  « Lightly 
more  active  than  poaitiva  ion  atmosphere!,  which  ii  probably  du«  to  a 
greater  biological  action  of  nagativa  Iona.  Further  itudy  of  tha  action 
of  air  ion!  on  microbial  aaroaola  under  condition!  of  Inoraaaad  quantita¬ 
tion  will  amwar  loma  of  tha  quaaticmi  raiaad  by  thla  preliminary  itudy, 
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Recent  experimentation  an  tha  biological  if fasti  of  air  Iona  has  demon¬ 
strated  beyond  raaaonabla  doubt  that  undar  certain  otrcumatanoaa  air  loni  uan 
oauaa  or  an  aiaodacad  with  change*  that,  although  not  of  great  rnagnituda 
ara  both  quantitatively  aaaaaaabla  and  raproduoible .  Tha  atudlaa  reported 
hare  are  a  preliminary  effort  to  datarmlna  If  tha  rnagnituda  of  tha  effects 
of  air  Iona  on  microbial  aaroaola  la  aufflalunt  ta  justify  nwasuramant  or 
avan  control  of  thla  phenomenon  during  quantitative  aarablologlcal  atudlaa. 

Tha  rata  of  cxponantlai  decay  waa  mad  for  atatlatlnally  comparing  the 
affect  of  poaltlve  and  negative  air  Iona  on  aaroaola  of  Bar  rat  la  maroaeoam 
and  di-aadium  f Lunraeee in,  aingly  and  In  combination,  during  a  Tj-minuta 
interaction  pariod,  Control  taata  ware  carried  out  without  artlflelally 
produced  air  iona.  Analyst*  of  the  data  from  34  comptato  aatoaol  triala, 
each  with  a  poaitiva  ion  teat,  a  negative  ion  taat,  and  a  control  (no  added 
Iona)  reaultad  in  the  following  elgnlfioant  Pinditigai 

(a)  Exponential  decay  of  Barrett*  marnaioana  aaroaola  waa  two  to  three 
time  a  greater  in  tha  pretence  of  poaitiva  or  negative  air  Iona  than  tha 
decay  undar  the  control  or  ambient  condition*,  Negative  Iona  afficted 
total  decay  to  a  greater  extent  than  did  poaitiva  Iona. 

(b)  Both  tha  addition  of  bacterial  aaroaola  to  lonlaad  air  and  tha 
denaratlon  of  Iona  in  an  exlatlng  aeroaol  reaultad  in  algnlf leant ty  greater 
exponential  decay  rataa  compared  with  thoie  of  tha  controia.  Moreover, 
tilth  negative  Iona,  tha  longer  oontaot  with  aaroaola  obtained  by  adding 
aaroaola  to  lonlaad  atmoipharae  produced  algnlf leant ly  greater  decay*  than 
tha  later  addition  of  Iona  to  the  aerosol,  That  thla  reault  wee  not  obtained 
with  poelllva  Iona  auggeata  a  baalu  difference  In  tha  nature  of  the  action 

of  tha  two  ion  polarltlea. 

( c )  Using  aelectiva  particle  alee  aampling  device*,  it  wa*  ahown  that 
tha  general  aiaa  of  the  air-borne  partlele*  did  not  change  with  aerosol  age 
(up  to  12  minutea)  or  with  air  ion  treatment.  In  all  oaaae  tha  air-born* 
part  1c lea  wera  lea*  than  five  micron*  In  diameter.  The  alee  of  the 
particles  that  settled  out  during  the  experiment*  waa  not  determined, 

(d)  Comparing  physical  aeroaol  decay  with  biological  aaroiol  decay  in 
the  preaanoe  and  abaenca  of  elr  lone  showed  that  mo* I  of  the  incraeae  in 
aeroaol  daoay  with  air  Ion  exposure  waa  due  to  incrBaaed  physical  daoay. 
Positive  Ions  eausud  no  Increase  in  biological  decay.  Negative  Iona  produced 
significantly  greater  exponential  biological  decay  rates  than  the  control 

or  poaltlve  ion  treatment  . 

Front  these  results  it  is  concluded  that  high  ciiiuenlrs  lions  of  air  ions 
significantly  struct  air- borne  micruhlat  part  ic  In* .  Ion*  of  both  polarities 
will  reault  in  eignlflcartL  Increases  In  the  exponential  rat.es  of  phyatcal 
decay.  In  addltlnn,  negative  Iona  appear  In  have  biological  activity  in 
that  they  Will  increase  the  biological  component  of  the  exponent  la  I  decay  rat*,. 


Hlni'o  Uiwku  BHpm't intuit.*  wurii  not  carrlud  out.  unilnr  Ideal  luimlll. limn, 
h.K..  I'lm  temperature  and  humidity  warn  not  controlled,  tha  results  nlmu  1  tl 
ha  gon*  iderud  tentative  ponding  further  «x|inriinoilta  With  mure  refined 
equipment  and  techniquea ,  Tin  rimUi  do  Indicate,  however,  that  further 
atudy  of  the  action  of  air  iune  un  quaint  Itetivn  aorobiological  ayatama 
ia  warranted, 
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Qurrant  intaraat  In  raaaaroh  on  air-borna  infaofcion  and  In  tha  taehnology 
for  axparlmantal  aarobiology  aa  i J, luatrafcad  by  fch*  raoant  Conference  on  Mr- 
Born*  Infection5  emphaaiaaa  tha  importance  oil  control  of  anvlronmantal 
variable*  during  laboratory  itudlaa  with  microbial,  aerosol*.  Tha  anviron- 
mantel  factor*  gcnaralty  conildarad  aa  requiring  maaiuramant  and  oontrol  in 
quantitativa  biolngisai  aaronoL  raitaroh  air*  featnparatut*  and  humidity.  To 
*  lamer  extant,  the  affect*  of  Light  and  ait  pollutant*  hava  baan  oonaldarad. 
Tha  praiant  ramaroh  oonatitutm  a  preliminary  effort  to  evaluate  tha 
poaiibU  infLuancr  of  gaaaoui  air  Iona  during  experimental  atudiaa  with 
microbial  aaroaola. 

Ait  Iona  hava  baan  dafinad  aa  electrically  charged  lubmlrrnicopic 
partiolaa  of  gaiaoua  or  aolid  Matter.*  Pukitiva  ion*  «ra  oraatad  by  the 
removal  of  an  alaotrnn  front  an  atom  or  molaculat  nugativ*  Iona  ara  formed 
by  th*  addition  of  an  electron.  Kruagar,  g£  gla  apeak  of  amali  alt  Iona  aa 
coniiatlng  of  "aingla  ionised  molaoulaa  about  which  eluatar  from  A  to  12 
unohargad  molaoulaa." 

•  Inca  it  waa  flrat  dataoititratad  In  1196  that  charged  air  Mrtlclaa  ara 
raaponaibla  for  tha  alaetriaal  conductivity  of  tha  atmoaphara,  invaatigatora 
in  a  number  of  diaelplinai  hava  oenduetad  atudiaa  on  tha  influanoa  of  air 
iona  on  living  mattcv,  Qlalma  made  by  many  early  invaatigatora,  who  ware 
hampered  by  the  lack  of  proper  meant  for  ganarating  and  maaauring  air  lont, 
gave  rlaa  to  much  cuntrnvaray,  tom*  of  which  exiita  to  the  praaant  tlma. 

During  tha  peat  dicada  a  oontidarabla  incraaaa  in  air  ion  -■aaaroh  waa 
mad*  potilbl*  by  tha  development  of  adequate  lnatrumentatlon,  from  the 
accumulated  weight  of  thaaa  atudiaa  thara  can  be  little  doubt  that  air  iona.. 
whan  applied  in  controlled  axparimanta,  ara  raaponaibla  for  certain  re¬ 
producible  biological  and  phyaloal  change*,  although  it  la  ganarally 
beltevad  that  thaaa  change*  ar*  of  a  low  order  of  magnitude ,*  The  moat 
convincing  evidence  of  tit*  biological  affect*  of  air  ton*  ia  that  davalopad 
by  Krueger  ,n'1n  Thai  a  amelia*  have  ahown  that  air  iona  have  a  -Ignlficant 
and  reproducible  effect  on  tha  ciliary  beat  rata,  the  mucoua  flaw  rat*,  and 
tha  reaction  to  trauma  of  th*  trachea  of  laboratory  animal* ,  Moreover, 
than*  Invaatigatora  hava  ahnwn  that  nagativaly  charged  oxygen  molecule* 
and  poaitivaly  charged  carbon  dioxides  mnl.eoul.aa  arc  probably  tha  mediator* 
of  air  ion  affect*.  1  Recant  work  by  thil  groujf'  indioataa  that  affects 
in  the  trachea  depend  upon  the  ability  of  poaitivaly  charged  carbon  dioxide 
lone  to  eau*»  «  local  acnunmlatton  of  f-ltydroxytryptamlne  in  tlta  tlaaua, 
and  tha  ability  of  nagativaly  uhargsd  oxygen  tuna,  anting  on  cytochrome 
oKldaan,  to  acenlntate  the  oxidaLlon  or  free  3-hydroxytryptamine ,  Krueger1* 
atudin*  have  ohvloua  rotation*  to  prohUma  at  experimental  rr.aptratory 
Infocl. Iona  that  ar*  not  treated  in  thli  paper. 

•Hlm»  recent  research  on  aiv  iona  ha*  repreaantad  broad  intercuts. 
Kornblirh  and  Ilia  aaaoctatea  have  evaluated  negative  air  ion  thavapy  fur 
paLlmni.a  with  hay  lAver,  bronchial  aethmx,  and  certain  respiratory 
difficult  lr»Ul  and  liave  u*«ol  ntigAllve  ion  Lhwrapy  aa  an  adjunct  in  the 
r-rnalmalil  of  burned  pel  Unix  ,ln  Otlt*H  recent  a  Indie*  cm  the  biological 
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affaoti  of  air  loin  have  included  affaoti  on  tha  rata  of  growth  of  tliiua 
culturi  oaLla,1*4*1'  blood  pH,  oarhnn  dioxida  combining  pcwar  of  animal 
piuma,1*  and  human  work  parformanua  and  vlaual  raaetion  tlm*,17  In  moat 
•tudlai  tha  magnituda  of  tha  raportad  ehangaa  or  affacta  waa  not  larga, 
although  thara  waa  rathar  ganaral  agraamant  that  poiitlva  ioni  ara  aaioolatad 
with  harmful  or  undaiirabla  affaoti  and  nagativa  ioni  atimulata  or  ara 
aaiooiatad  with  banafioial  affaoti.  Other  raaaaroh  haa  baan  aonoarnad  with 
thi  phyiica  of  air  iana  and  thair  intaraotlona  with  non»blologloat  air 
oomt  ituanti.  Thaia  hava  addad  much  to  our  praaant  knowledge  of  axpaotad 
amblant  air  ion  danaitia*,1*  tha  iffaeti  of  air  ioni  on  Inert  aaroioli,1* 
ind  tha  affaota  of  aaroioia  on  air  Ioni.*0 

Although  a  numbar  of  authora  hava  raportad  that  a$r  ton*  affect  mioror 
organ  lima,  tha  only  quantitatlva  itudy  to  data  la  that,  of  Kruagar,  Imith, 
and  do  in  1957,*  Shots  invMtiiatora  maaaurad  tha  lurvivil  of  Mjaraaotitua 
avaaanaa  war.  aurtua  in  drop  lata  plaead  in  aorta  lain  miorotitratlon  diahai 
and  axpoaad  to  air  ioni  at  oonoantratiom  of  1  x  10*  Iona  par  aquara 
cant tmstnr  par  taeond  or  graattr,  In  tha  abianoa  of  imog,  axpoaura  to 
poiitlva  or  nagativa  ioni  ineraaied  tha  death  rata  of  tha  ataphyloecpci 
in  tha  droplaca,  apparantly  by  dlraet  aotlon  on  tha  baotarla  and  by  inoraailng 
tha  droplot  avaporatlen  rata.  In  tha  praaanea  of  amog,  air  Iona  ax# r tad  a 
protective  affaat  on  tha  baotarla  by  ridusing  tha  droplet  avaporatlen  rata 
and  da  laying  tha  drop  in  pH,  Tha  ivxpar  Imanci  alio  lndleicad  chat  tha 
aotlon  of  tha  air  Iona  on  tha  ealli  could  ba  partly  ravaraad  by  expoiura 
to  intanao  vlalbla  light. 


A.  EXPERIMENT  DEB ION 

Aerosol*  of  lerratla  mareeacana  and  dt-aodlum  ftuoraacain  alngly  and  In 
combination  wars  ganaratad  In  a  Mb- liter  chamber  containing  a  ganarator 
capabla  of  producing  negative  or  poiitiva  air  lone.  The  aaroaoi  daniity 
waa  maaaurrd  at  daaignatad  intervals  during  tha  Ufa, of  tha  cloud.  Each 
taat  oomlatad  of  thraa  treatments  i  nagati  ■  lone,  poiitiva  Iona,  and  no 
added  Iona,  Tha  urdar  of  tha  treatment*  waa  randomised  throughout  all 
teat*  and  a  .auff tolant  number  of  replicate  teata  ware  parformad  in  aatahilah 
atatiatloat  validity.  Tha  adjectival  of  tha  experiment*  warai 

(a)  To  miaaura  tha  rata  of  decay  of  aaroaoli  in  tha  preaanoa  of 
artificially  producad  poiitiva  and  nagativa  air  Inna  aa  comparad  with  tha 
rata  of  decay  obtained  whan  no  iona  ware  added. 

(b)  To  da  tormina  whether  tha  following  Caotora  affect  theae  ratal i 

( L )  Kaildual  iffioti  emanating  from  tha  Icn-generatlng  equipment 
(control  taat), 

(3)  Tima  at  which  air  iona  ara  iddad  to  tha  taat  atmoaphara. 

(3)  Par  tic  la  aiaa  apactrum  of  tha  bacterial  aaroaoli, 

(A)  Phyalcat  varaua  biological  charactertatlca  of  aaroanl  decay, 


R,  AIR  ION  aBNRRATINQ  AND  MKASlrtUNtJ  KqUlPMBNT 

A  Plillco  Modal  IUJ«4  ganarator*  capable  of  producing  air  iona  of  either 
polarity  and  equipped  with  a  small  fnn  was  uisd  throughout,  Tha  ioniser 
unit  was  placed  Inaida  the  aaroaoi  uhamher  with  ita  control*  and  power 
supply  unit,  on  Lite  outside,  Tha  maximum  output  salting  waa  need  for  all. 
taata,  Using  the  I’hilco  Model  I  OF-  6  ton  coontnr,  the  approximate  maximum 
air  Inn  concentration  in  the  chamber  (without  aarnaul)  waa  900,000  per 
cubic  caiHimetflr  of  air.  During  all  teata  Ilia  generator  fan  waa  used  to 
maintain  homogeneity  In  tha  aeroanl. 


*  Philcu  Clurp, ,  OuiinuiM teat. I.on  niul  Weapons  Blvialon,  4700  Wise liiTcium  Auc  . , 
Phi  I  a  do  Iplila  44,  I’a, 


C.  PRODUCTION  AND  BAMPUNQ  OP  AEROSOLS 

Tha  bacterial  aaroaol  genarator  waa  a  atmple  two-fluid  apray  tuba  capable 
of  dleaeminating  a  total  of  on#  mlllllltar  of  liquid  malarial.  Aquaoua 
aolutlona  of  0.1  par  cant  dl-aodlum  fluoraaaaln  or  broth  aucpanilon  contain¬ 
ing  approximate ly  10  x  10*  vtabla  ealla  of  Mroeicana  ware  uiad  to 

charga  tha  aaroaol  ganarator.  In  loma  taita  a  Mlxtura  of  fluoraaoaln  and 
baatarlal  oatla  waa  uaad,  Aftar  aaroaol  ganaratlon  (requiring  about  thrua 
aaronda).  aamplaa  of  tha  aaroaol  wara  takan  at  4,  I.  and  12  mlnutaa  to 
datarmlna  tha  amount  nf  fluoraaoaln  and/or  tha  numbara  of  viable  organlenta 
alr-borna  par  unit  volume  of  air.  lampllng  waa  dona  with  all-glaaa  lm» 
pingera*  (A01)  containing  20  mlllllltara  of  atarlla  phyalologloal  aallna 
and  operated  at  a  aampllng  rata  of  12. S  lltara  par  minute  for  one  mlnuta. 

Tha  ool Lasting  fluid  containing  tha  entrapped  mloroorganlama  waa  aaaayad 
for  vtabla  cell  concentration  hy  preparing  aarlal  dllutlona  and  plating 
samples  in  quadupUoaea  on  the  aurfaoa  of  agar  plataa.  Tha  aalaatlva 
nutrient  agar  used  waa  Dtfeo  Peptone  Agar**  to  which  waa  added  0.001  par 
oant  Actldlone*** ****  to  Inhibit  fungal  contaminant*  and  230  mlorograma  par 
liter  of  brilliant  graan  dye  to  Inhibit  Oram-poaitlve  micronrianiama, 
fluoraaaaln  eollactad  In  tna  templar  fluid  waa  aaaayad  photafluormnatrloally 
hy  companion  with  aaandard  aolutlona  and  tha  raaulta  axpvataad  In  micro- 
grama  of  fluoraaoaln  par  millllltar. 

Following  each  tact,  tha  mlerooraanlama  remaining  alr-borna  wara  reduced 
to  an  lnalgnlf leant  order  of  magnitude  by  irradiating  the  inbavtor  of  tha 
ohambar  with  a  19-watt  ultraviolet  lamp*'***  for  five  mlnutaa  with  tha  mixing 
fan  operating. 


D,  METHOD  Of  ANADVIM 

Conaldarahla  variation  occurred  in  tha  concentration  of  alr-borna 
larratla  maruaacana  cal  la  obtained  during  the  fivat  aampllng  parlod  of  tha 
varloua  rapUoationa,  However,  alnua  wa  wara  primarily  lntaroatad  in 
comparing  daoraaia  of  concentration  with  tlma,  rather  than  par  cant,  vacovery, 
tha  atatlatioal  analyaia  waa  confined  to  decay  rata*. 


*  All- Si  a  a*  impingar  Sampler,  Aca  dla**  Oo;  Vine  land,  W.  J, 

**  Dtfoo  Company,  Detroit,  Michigan, 

**+  Upjohn  Pharmaceutical  Co.,  Kalamaaoo,  Michigan. 

****  Ultraviolet  lamp,  HO- 15,  Waatinghouaa  Electric  Carp.,  Bloomfield,  N,  4. 


From  theoretical  eonsiderationa,  It  was  expected  that  the  chango  In 
aerosol  concentration  with  time  would  he  proportional  to  concentration,  l.e, 

dC  - 

dl  "  kC  .  .  .  .  (1) 


where  C  «  aeroaol  concentration,  t-  time,  and  k-  proportionality  constant, 

Thte  gives  iire  to  the  mods!  „j(t 

C  ■  C  e  ...  i  (2) 

o 

whoru  C  -  initial  concentration  of  aerosol  Thia  wan  found  to  describe 
the  dat$  extremely  well.  The  exponential  decay  rate  in  defined  a«  100  U, 
expressed  as  per  cent  per  minute,  where  k  is  taken  from  the  model  ahovo. 

Taking  natural  logarithms  of  Equation  (2),  we  have  the  linear  form 

In  C  ■  In  C0  •  kt  .  .  .  .  (3) 

In  this  form  k  is  readily  recognised  as  the  slope  of  iho  linear  regression 
of  the  logarithm  of  concentration  versua  time,  Discussions  of  the  use  of 
this  decay  parameter  in  aerosol  studies  have  been  presented  by  Foatet*1 
and  l’almor.na 


Over  tho  range  of  concentrations  of  air-borne  material  observed  in  this 
study,  the  decay  parameter  was  independent  of  initial  concentration,  thereby 
permitting  valid  treatment  comperiaona  to  be  made  on  the  baaia  cE  the 
exponential  decay  ratea  alone.  Student 'a  "t"  teat  whs  used  for  treatment 
compar leone.  » 


III.  RESULTS 


A,  RESIDUAL  EFFECTS  OP  ION  GENERATING  EQUIPMENT  (Control  Taste) 

lino*  the  Ion  generator  with  Iti  fan  and  alactrical  Uad  wires  ramainad  In 
teh«  aerosol  ohambar  durini  all  taste,  it  waa  nananary  to  determine  if  tha 
instrument  itself  and  ita  energised  circuitry  affactad  tha  dacay  of  aaroaola, 
Taata  were  dona,  therefore,  undar  » Inula tad  positive,  giau la cad  naRativa,  and 
oontrol  conditions  with  tha  oorona  tip  of  the  generating  probe  covarad  with  a 
plaatio  envelope  to  preclude  dissemination  of  air  ions,  Tha  power  supply  and 
polarity  awitohaa  were  operated  in  tha  uaual  manner  to  that  all  oireuita 
wara  anargitad  up  to  tha  probe  tip  as  they  would  be  in  tha  usual  experiment, 

Ha  uaad  tha  Phileo  Ion  Collaetor  to  determine  that  no  air  Iona  wara  r«  Ita  tad 
through  tha  plaatlc  anvalopa  into  tha  aaroaol  chambar. 

Data  obtained  from  ala  trials,  aaoh  with  random-order  traatmanti,  art 
shown  in  Tabli  I,  No  aignifloant  diffaranoas  in  aaponantlal  decay  rataa 
wara  nbtainadi  tharafora,  it  waa  eoneludad  that  tin  instrument  itaaif  and 
tha  anarglaad  circuits  (not  including  tha  probe)  would  not  affaot  tha  daoay 
of  aaroaola  in  subsequent  taper imants, 


TABU  1,  ANALYIII  OP  EXPONENTIAL  OBflAY  RATH  OP  I.  MMIMM  AIROIOLI 
AS  AFFECTED  IY  RESIDUAL  EFFECTS  PROM  THE  ION  OENESATOX 


ExEBUinUil.Bsaiy  Kitsii  wt  Bink.B»x-iinttli> 


Number 

93  Par  Oant 

of 

Standard 

Confidence 

Treatment 

Tacts 

Mean 

Error 

Limits 

No  Added  Iona 

6 

20,6 

5,14 

1,43  •  26, • 

Negative  Ion  Circuitry 

6 

24,6 

7, SI 

16,4  -  32.8 

Poaitlva  Ion  Circuitry 

a 

21, 1 

a, ib 

12.3  *  29,6 

Treatment  Comparisons 

Computed  i 

Approx i  Probability 

No  added  Inna  j£I  negative 

circuitry 

1,01 

N8* 

No  added  Iona  ve  positive 

circuitry 

<  i 

NB 

Nogatlva  circuitry  yg,  positive  circuitry 

*  l 

NS 

*  Hu  pignlficanl:  dlfftrunci . 

II.  DIM', AY  OK  P1.UOWHSCK1N  AKROSOLB 
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Although  the  raiuoval  of  Inert  aeroenlx  hy  intatactloM  with  air  Iona  has 
hasn  reported,  it  wee  of  lntereit  to  tail  the  affect*  in  the**  lnva*tlga» 

Lion*,  uaing  the  generation  end  *ampllng  equipment  deaorlbed.  In  five 
replicate  teat*,  with  random-order  treatment*,  air  ion  generation  we*  at*rtad 
Elbe  minute*  before  aevoaoliaation  of  a  0,1  per  cent  lolutlon  of  di-*odtum 
fluorescein.  After  operation  of  the  aeroaot  generator,  cample*  of  the 
fluoreieain  content  of  the  air  were  obtained  at  A^  8,  and  12  minute*, 

Under  the  control  conditinna  (no  added  air  lent)  the  exponential  decay 
rate*  for  dt-»odtum  fluoreieain  were  coniiderably  Lai*  than  time*  for  fi, 
niarcetaem  acroiol*,  Thla  wa*  expected  heoauae  of  the  bloiogical  nature  of 
the  Uttar,  The  preaenoe  of  poaitlve  or  negative  air  ioria  in  the  ohambar 
oauaed  a  fivefold  Increase  In  the  exponential  decay  rate*  of  f  luoreaccin 
aeroiol*  that  wai  algnificant  at  teaa  than  the  0,01  laval,  Thera  wera  no 
algnlficant  dlffirence*  In  exponential  decay  rate*  between  the  two  Ion 
polarltlei.  The  decay  ratu  obtained  and  chair  analyali  ar*  ahown  in  Table  11. 


TABLE  11.  ANALYIII  OP  EXPONENTIAL  DECAY  RATES  OP  PLUOEEEGBIN 
ABK0I0UI  IN  THE  PRRIBNCE  AND  ASRENQK  OP  AIR  IONS 


JlUMIflittliili JllJULOaJdUxJaU  pent  ear  minute 


Treatment 

Number 

of 

Txata  Mean* 

lt«nri»rd 

Error 

05  Pat  Qant 
Confidence 
Limit* 

No  Added  Air  Ion* 

5 

6. 1 

1,12 

A. 9  ■  7.7 

Negative  Inn* 

5 

33.  1 

3,98 

23.7  -  AO. J 

Poeltlve  Inna 

5 

31.9 

6.05 

2A.A  -  IS. A 

Treatment  Compar  i  aon* 

Computer! 

Approx,  Probability 

Nu  it  dill'll  I  nna  yg 

nega  1 1  vn 

Iona 

9. HI 

^  0.01 

No  added  Inna  gg 

put  it  tva 

Inn* 

9,32 

K  0.01 

Nngallvu  IitiIb  gj 

posit  I.VG 

1  mis 

«  1 

NH 

I  ft 


0 .  DECAY  OF  3HRKAUA  AFAOBObB 

Thu  *ff*ct*  of  air  ions  an  th*  total  dacay  of  ilr*burna  bactsrlsL  call* 
wsrs  sstlmstsd  by  analyati  of  data  obtained  (ram  18  raplicate  trials,  aach 
with  three  air  Ion  treatments  arranged  In  random  sequence.  In  these  taati, 
at  In  th*  fluoraioaln  tests,  generation  at  Hr  torn  was  bagun  ftv*  minutes 
before  oraailon  of  thi  fi.  marcsicans  aerosol,  Although  Cron  day  to  day  thara 
was  considerable  variation  in  the  initial  concentration  nf  aerosol  produced, 
probably  because  of  temperature,  relative  humidity,  and  other  variations 
that  could  nut  ba  controlled  In  the  aerosol  chamber,  conduct  of  all  three 
traatmanta  during  each  day  prnvldad  a  bails  For  comparing  the  data  obtained. 
Several  trials  wars  discarded  In  which  the  multi  of  nna  of  the  three  treat* 
manta  on  on#  day/ ware  lost  bsuausa  of  msl function  of  equipment, 

It  was  avldent  from  th*  result  a  that  the  decay  of  J,  marceeuana  aaroaola 
wae  more  rapid  In  tha  presence  of  artificially  generated  air  Ions  or  atther 
polarity  than  In  their  abeenoe.  Tibia  III  ahows  tha  mean  viable  call  concen¬ 
tration  In  the  aaronol  at  tha  A*,  B-,  and  12-mlnute  sampling  ttmee  for  the 
three  traatmanta,  Conversion  of  tha  aeroaol  concentrations  from  individual 
taati  to  exponential  decay  ratal  and  analyala  of  tha  maane  nf  tha  ratsa,  as 
in  previous  taati,  ahowad  th*  exponential  decuya  In  lonlaad  air  to  ba  from 
two  to  three  tlima  that  of  tha  controL.  This  inalysla,  shown  In  Table  IV, 
ahewa  that  not  only  wtra  tha  exponential  decay  rates  In  both  test  atmosphsras 
significantly  higher  than  tha  control  dacay  ratal,  but  that  tha  negatively 
charged  atmoipherai  raiultad  in  higher  exponential  decay  ratal  than  poalttvaly 
charged  atmoaplmras .  A  graphical  comparison  of  tha  decay  or  f.  maruaspsns 
aeroaol  with  time  for  the  three  traatmanta  la  shown  In  Figure  l,  In  thia 
Mluatration  the  derived  k  values  ware  usad,  taking  tha  Initial  recovery  as 
100  par  cant. 


D,  INFMHINCK  OF  TIM*  OF  ADDITION  OF  All  TONI 

In  tha  previous  testa  tha  Ioniser  wea  turned  on  five  minutes  prior  to 
aeroaol  generation,  H  was  determined  that  during  tlUi  partod  an  equilibrium 
concentration  of  air  tons  (approximately  900,000  par  cc  of  air)  was 
ni'tabl lahad.  Further,  it  was  postulated  that  If  inch  an  Initially  high  ion 
Level  were  necessary  to  obtain  th*  observed  results,  allowing  the  aerosol  to 
corns  to  equilibrium  before  Introducing  air  Lons  might  Improve  the  survival  of 
aaroaolland  bacteria. 

Th*  Influence  n£  lima  was  t.*si.«d  In  a  Hurls*  of  eight  test*  In  which  the 
lunlsor  wan  not  turned  on  until  immediately  after  Ills  four-minute  sampl*  was 
taken.  A  sstlos  of  ten  lasts  from  thus*  In  Table  IV,  whluh  warn  done  In  the 
previous  two  wanks  and  In  which  tha  lonlsnr  waa  turned  an  prior  to  aerosol  Ma» 
tlon,  wa*  used  tor  comparison.  Mean  esponnntlal  dmcay  rates  for  the  two  aorlns 
nf  tosls  arc  shown  Iri  Table  V.  In  cadi  snripn,  nogallv**.  and  positive  Ion 
treatments  produced  ns  puli',  ill  la  l  dnesy  rsta*  higher  than  thn  controls,  but  wo 
failed  to  damimslrsis  significant  dl f fnrencos  lintwonn  ratn*  In  negative  as 
compared  with  position  Inn  atimisplterna. 
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TABUS  III, 


MEAN  AEROSOL  RECOVERY  OP  1,  MARCBBQENH  IN  THE 
PRESENCE  AND  ABSENCE  OP  AIR  lONS  j/ 


Trs*  truant 


_ Ci 111, , at, .Util  ti  Air - 

A  Minutaa  8  Minute*  lil  Minute* 


No  Addad 

Iona 

269,3:>3 

122,227 

42,397 

Nsiative 

Ion* 

63,114 

3,363 

337 

Posit lva 

Iona 

70,013 

7,707 

1,238 

a,  Mian  oi  li  tests. 


t; 


TABLE  IV,  ANALYSII  OF  EXPONENTIAL  DECAY  RATII  OP  I.  MAROEEOEWE 
AEIOIOLI  IN  THE  PXEIENOE  AND  ABEENQS  OP  AIPflONi 


Traatmanfc 

EKBonantial  Daoav  Ritas,  ait 

Bint 

nar  minute 

Number 

oi 

Taste 

Mean 

Btandard 

Error 

93  Par  Cant 
Confidence 
Limit* 

No  Addad  Ions 

IB 

22.7 

7,03 

19, 2  «  2A.2 

Nsgstiv#  Iona 

18 

78.1 

31, 71 

b*,3  -  93. B 

Positive  Iona 

IB 

33.6 

6,11 

30,6  -  36.7 

Treatment  Comparison 

Computed  £ 

Approx,  Probability 

No  addad  Iona  nagativs  Ians 

7,22 

< 

0,01 

No  added  Iona  yg  posit, ivs  Ions 

14,10 

< 

0,01 

Nagatlva  tuna  yj  positive  Ions 

3,21 

< 

O.OL 
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Comparison  of  mean*  from  the  two'serien,  a  1  no  shown  in  Table  V,  Indicated 
that,  for  both  controls  and  positive  ion  atmospheres,  the  influence  of  time 
of  addition  of  air  ions  was  negligible,  For  negative  ion  atmospheres ,  how¬ 
ever,  addition  of  air  ions  before  aerosol Untion  resulted  Jo  a  higher 
exponential  decay  rata  than  whan  air  ions  were  eddod  after  aarosolieation . 
Thus  it  appears  that  time  of  addition  of  the  ions  is  important  for  negativo 
ions  but  of  little  importance  for  pnsitivn  ions. 


TABLK  V,  EXPONENTIAL  DECAY  RATES  OF  MARCS8CEN8  AS 
INFLUENCED  BY  TIME  OF  ADDITION  OF  AIR  IONS 


Ions  Added  Before  lone  Added  Aftnr  Comparison 

Aarosolieation  Aarosoliention  of  Means  for 


_(1Q  estimates) _ 

_ (fl  estimates)  Time 

Air  Ions 

Mean  Exp, 

Decay  Rata, 
per  cent  par  Std, 

Treatment  minute  Error 

Mean  Exp, 
Decay  Rata, 
per  cent  per 
minute 

_ AW _ 

Computed  Approx. 
Jtd,  t  Probability 

Ermr 

No  Air  Ions 

24.3  7,30 

20.4 

4.37  1,47 

NS 

Negative  Ions 

73.6  29.31 

30.6 

9.30  2.32 

<  0.03 

Positive  Ions 

33,4  3,81 

33.7 

21.69  l 

NS 

Comparisons 

Computed 

Approx , 

Computed 

Approx . 

t 

Probability 

t 

Probability 

No  Air  Ions  V£ 
Negative  Iona 

3.32 

<  O.Oi 

8.80 

<  0.01 

No  Air  Iona  vs 
Positive  Ions 

10.30 

<  0.01 

4.51 

<  0.01 

Negative  V£ 
Positive  Iona 

2.12 

NS 

<  l 

NS 
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It.  DECAY  IN  RELATION  TO  AEROSOL-  1'ARTIOLE  SIZE 


The  aaroaol  gaoaraLur  uasd  produce*  p« r t ( c3 1  •  h  that  »ra  initially  amallar 
than  five  micron*  in  dlamatar.  Tin  AQl  aamplar  ii  aelectlve  {or  aaroaol 
particles  of  approximately  17  micron*  and  amallar,  Tim  addition  of  a  pr«» 
impingar  to  cits  AOl  provides  a  aamplar  that  ia  aalactiva  for  particle*  of 
flva  microna  and  amaLUr,  Thus,  operation  of  tha  AQl  aimultanaoualy  with 
tha  AQl  plus  pra-imptngar  providaa  a  convaniant  method  of  partitioning 
aeroaula  Into  two  aiaa  rangaa.  Thla  technique  wax  uaad  in  further  experiment* 
to  determine  if  the  aiaa  of  the  viable  partlulea  In  the  atr  changed  with 
time  during  tha  loniaatlon  treatments  compared  with  thoa*  in  tha  control,  It 
waa  hyputhaaiaad  that  If,  during  loniaatlon,  tha  aiaa  of  tha  air-born* 
particle*  tended  to  inure***  with  time  compared  with  tha  control)  lncreaaed 
agglomeration  by  air  Iona  would  raiult  In  lncraaaad  aattllng  and  be  one 
mechaniam  rixponaible  fur  the  lncreaaed  decay  rate*,  In  four  teat*  of  three 
treatment*  aach  wa  aamplad  the  aaroaol  aimultanaoualy  with  tha  AOl  and  with 
th*  AQl  plu*  pr*- impingar ,  Tha  aaroaol.  concentration*  from  tha  duplicate 
sample*  at  each  aampltng  period  war*  not  atgnif leantly  different,  Exponential 
decay  rata*  ware  alia  compared  (Table  VI),  Thar*  war*  no  aignlf leant 
dlffarancaa  in  tha  ratal  whan  tha  two  aamplar  raaulta  for  aaah  treatment 
ware  compered,  It  wae  concluded,  therefore,  that  within  tha  aoouraoy  of 
tha  aampling  davlcea,  tha  alr-inn-treatad  aaroaol*  did  not  differ  in  particle 
aiaa  rang*  from  tha  aaroaola  In  tha  control  environment  for  ai  much  aa  12 
minute*  of  aaroaol  Ufa, 


TABLE  VI,  COMPARISON  OP  EXPONENTIAL  DECAY  RATES  OP  f,  MARCS,  EMM  IN 
AIR  ION  ATMOSPHERES  IN  RELATION  TO  PARTICLE  DIAMETER 


17  micron*  3  microna,  and  laaa 

Treatment  and  Lena 


No  Added  All:  Ion* 

17,2 

21,6 

Negative  Inna 

HO ,  2 

64 . 5 

Poaltlve  mm 

52,1 

39,2 

True  (uncut 

risi  yh  .(mi  t.i'u 

Computed  Approx, 

II 

Prohab 1  Illy 

No  Added  Air  Iona 

2,  III 

N8 

Negation  Inn* 

1 ,1)7 

NH 

I'os  III  vet  1mm 

1.73 

NN 
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t,  PHYSICAL  VERSUS  BIOLOGICAL  DECAY 

Prom  •  comparison  of  ths  sxponontisl  wnrosol  dscsy  rates  of  fluoraacaln 
(Table  It)  and  _g,  marcescena  (Table  IV),  It  ie  obvious  that  the  decay  function 
of  the  latter  can  oe  composed  of  a  biological  component  (death  of  the  cell) 
and  a  physical  component  (evanescence).  The  final  tests  vers  performed  by 
aarosdllRlni  a  mixture  of  fluorescein  solution  and  A*  MI&SULEiill  culture  to 
allot?  simultaneous  assessment  nf  both  ingredients.  The  purpose  of  the  teats 
was  to  obtain  an  estimate  ot!  the  proportions  of  the  total  decay  of  £.  marcescene 
due  to  physical  fallout  and  to  biological  dmth.  In  four  replicate  tests, 
the  order  of  the  three  treatments  was  randomised  and  the  generation  of  air 
lone  was  begun  five  minutes  bsfore  aarosolisation .  Ths  fluid  from  each 
samplsr  was  anatyaed  firat  for  number  of  viable  colli  of  £.  merer  weens  and 
then  for  fluoreacaln  contsnt,  Reduction  of  viable  air-borne  A-  flUUftlSIAf. 
ee  e  function  of  time  waa  taken  aa  an  eatimate  of  total  decay,  the  reduction 
in  fluorescein  ee  physical  decay,  With  the  difference  between  the  two 
representing  an  estimate  of  biological  decay. 

The  results  ere  ahown  in  Tables  VII  and  VIII.  In  Mia  control  teste 
(no  added  lone)  about  three-quarters  of  the  total  decs"  was  due  to  biological 
daath,  biological  dacav  being  significantly  higher  than  physical  dacay. 

The  total  daoeye  end  the  pHysieal  decays  under  the  Influence  of  air  lone  warn 
significantly  higher  than  in  the  controls.  In  comparing  biological  decays , 
however,  no  aignif leant  inevnese  over  the  control  by  positive  Ion  treatment 
(17.6  27. fl  par  cant  per  mitiuisi)  was  noted,  although  negative  ion  treatment 

produced  e  significantly  higher  biological  decay  than  the  control.  But 
whan  the  combined  affects  of  physical  and  biological  decays  in  ths  preasneo 
of  each  ion  charge  ware  compared,  no  significant  difference  was  noted. 

These  tests  show  that  the  major  part  of  tha  d«uwy  of  marceacena 
asroaola  in  the  absence  of  air  ions  ia  due  >:o  biological  decay;  in  the 
preaanca  of  air  iona,  a  greater  relative  amount  of  physical  decay  occurs. 
Moreover,  there  appears  to  bn  e  selective  difference  in  the  biological  decay 
resulting  from  positive  and  negative  ion  exposure,  with  nngative  Ions  having 
e  greater  biological  affect  than  positive  iona. 


22 


TABLE  VII,  ESTIMATES  OF  BIOLOGICAL  AND  PHYSICAL  AEROSOL  DECAYS 


IN  TIIK  ABSENCE  AND  PRESENCE  OF  AIR  IONS 

Tot*  t 

Trnatmani 

Physical  Daoay 

Rip  l  ag  1  oh  1  D*cay 

Dacay 

No  Addad  ton* 

6. A 

I7.fi 

24.0 

Nagativa  Inn* 

2  7  .A 

43,7 

73,1 

Po*LtlV*  Ion* 

22.7 

27, B 

30,3 

TABLE 

VIII.  ANALYSIS  OF  DIFFERS NOES  BETWEEN  ESTIMATES  OF  HIOLOOIOAL, 
PHYSICAL,  AND  TOTAL  AEROSOL  DECAY  RATES  IN  THE  ABSENCE 

AND  PRESENCE  OF  AIR  IONS 

Pliyileal  Daaiv 

fill  (■■■ 

Prab- 

Frob- 

Tr»*tm*nt 

Comparison 

i  ability 

t 

ability 

1  ability 

No  Addad 

Ion* 

Nugatlv* 

Ion* 

3.24  <  0.03 

2.  SO 

<  0.03 

3.4 t  <  0,03 

No  Addad 

Ions  a 

Poaltiva 

Ion* 

1 .AS  NS 

3,39 

<  0,03 

4.60  <  0.P3 

Nagativa 

Ion*  vj 

Poaltiva 

Inn* 

1,92  NS 

<  1 

NS 

t .33  N8 

Pliyiiea  1 

Vi  Biological  Daoay 

Treat,  limit 

Computed  t 

Approx. 

Prnhahl Illy 

Nn  Addad 

1  on*. 

3.04 

"-W  0.05 

NegaL  Ivc 

,lon* 

1  .  ()H 

NH 

I'Ll*  II  iVil 

1  nil* 

•  1 

NH 
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Although  the  reaulta  roportad  hart  muat  ha  considered  preliminary  until 
confirmed  undar  mora  raflned  taat  condition*,  a  baala  ia  provided  for  further 
hypotheses,  both  of  a  practical  and  hypothetical  nature. 

On  the  practical  aide,  the  magnitude  of  the  increaaad  decay  ratea  of 
bacterial  aeroaola  aaaociated  with  expoaure  to  ionleed  air  auggaata  that  the 
poaaible  effecta  of  variation*  in  air  ion  concentrationa  in  aerobi ological 
reaaarch  ahould  be  conaidcrad.  Moreover,  methods  by  which  air  iona  may  be 
inadvertantly  produced  in  thoae  environment*  ahould  be  conaidered.  For 
example,  air  ion  generatora  have  beon  made  and  unad  that  employ  nnaaUo  and 
apray  principle*  not  vaatly  different  from  thoae  uaad  with  aome  biological 
aeroaol  dlaaaminatorii,"* ,84  It  la  known  that  the  air  ion  content  of  the 
atmoaphere  varies  within  wide  limits  and  ia  markedly  affected  by  air  pollutants 
induatrlal  gases,  motor  vehicle  exhauatr,  and  other  byproduct*  of  man'* 
technology."4  Epidemiological ly,  insofar  aa  air-borne  disease*  are  con¬ 
cerned,  it  la  Important  to  determine  to  what  extent  these  varying  air  ion 
environments  contribute  to  the  survival  or  destruction  of  air-borne  pathngeno. 

From  a  theoretical  point  of  view,  the  demonstration  that  negative  air 
iona  increase  biological  death  of  air-borne  bacteria  may  relate  to  the  many 
references  ahowing  improvement  from  disease  conditions  and  Improved  body 
functions  in  patient*  exposed  to  negative  air  iona.  The  effect  of  air  ions 
on  aerosol  infectlvity  ahould  be  studied  quantitatively. 
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V,  CONCUJmONIi  AND  HlfCOMMKNDATIONH 

The  moat  important  cone  Ins  Ion  drawn  from  these  studies  ti  that  artificially 
produced  air  Iona  will  lncraaaa  to  a  significant  axtant  the  exponential  dacay 
ratal  of  aerosol!  nf  |.  marcaicmi  and  di-iodium  f lucreiealn.  Exponential 
dacay  values,  dafinad  aa  1  Oak  and  axpraaaed  aa  par  cent  par  minute,  ware 
Increased  twofold  to  fivefold  l>y  air  Inna. 

Analysis  of  tha  Vt  aerosol  triala,  each  with  positive  ion,  negative  ion, 
and  control  treatment!,  reaultod  in  ttia  following  findings  i 

(a)  The  energised  circuitry  of  the  lon-gunerat lug  apparatus  in  the  aaroeol 
vessel  did  not  affect  the  decay  of  aerosols  under  the  conditions  of  the  testa. 

(b)  Aerosols  of  Ul -sodium  fluorescein  In  the  presence  of  negative  or 
positive  ait  ions  decayad  at  a  rata  approximately  five  times  that  obtained 
under  control  conditions.  There  was  no  selective  dlffurenca  between  the 
action  or  negative  and  positive  Iona, 

(c 5  Barratls  mirceicans  aerosols  not  In  the  praeunus  of  addid  alt  ions 
showed  exponential  decay  rates  approx inwtaiy  lour  times  greater  than  fluorescein 
asrnsnls  without  air  ions.  Under  ths  influence  of  air  ions  the  exponential 
dacay  rates  for  J,.  iiiarcsscans  were  Increased  from  approximately  23  per  cent  per 
minute  for  the  control  to  V i  per  cent  per  minute  for  positive  lone  end  78  per 
cent  pur  minute  for  negative  Inns.  The  action  of  nagatlva  Iona  was  significantly 
greater  than  that  of  positive  Iona.  f» 

(d)  Whan  the  procedure  nf  adding  aerosol  to  an  atmosphere  already  containing 
air  lone  was  compared  with  the  addition  of  Ions  after  aerosol  generation, 
there  was  no  difference  In  decay  rstas  with  positive  tons,  tlnwwvar,  with 
nagstive  Iona,  Ionisation  of  the  chamber  before  aerosol  general  I  nn  resulted 
in  s tgnlf lesnt ly  higher  axponeiuisl  decay  rates,  This  suggests  that  s  bselc 
difference  exists  in  ths  meuhenlsni  of  action  of  positive  and  negative  air 
Iona  on  microbial  aeroaola. 

(a)  Aa  Indicated  by  comparison  of  aerosol  anmplos  collected  aittiu  I  Lananua  ly 
with  the  AD  I  sampler  end  the  AUl  plus  pro- Imp Inge r  sampler,  nn  significant 
differences  ware  detected  in  ths  nisn  of  llw  alr-lmt'ite  particles  in  the 
chamber  during  Llin  trials.  Thu  generator  prudnend  aerial  parUclee  that  worn 
predominantly  leas  than  five  microns  In  diameter  eL  the  k-,  8-,  and  12-inlmit.u 
sampling  Intervals,  lonlestlon  did  not  clieugr.  the  goueral  else  range  of  I  lie 
parilctes  in  the  air  during  those  Intervals.  The  rnlatlvo  diameter  nf  the 
fall  out  particles  during  the  various  I  rea  tnmnl  «  was  wit  assessed, 
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(£)  I’m  it  It  Inn  of  total  exponential  Jenny  Into  1 1  n  li  I  nl  oh  I  fit  I  anil 
pliyitcal  componanta,  by  simultaneous  aaaea’uwsnb  of  flunroecnlu  amt 
mercaaeana  aaroiol.a,  allowed  that  most  of  the  Increase  In  total  decay  brought 
about  by  alt  Iona  la  reflected  in  the  phyotcnl  decay  component.  Positive 
Inn  trofttiRsnt  did  not  tncraaaa  exponential  hloliigluxl  decay  aa  compared 
with  control  teats,  However,  In  additiun  to  Lite  tncraaaa  in  physical, 
dacay,  negatlva  Iona  produced  a  a igulf-luant  Incraaae  In  biological  dacay. 

Than  axparimanta  allow  that  dacay  nf  eatoaol.a  as  a  function  of  inter¬ 
action  with  air  Iona  can  be  delineated  in  a  - 1  tuple  aerosol  teat  facility, 

Tha  magnitude  of  the  inuraaaed  exponential  dacay  under  the  condltlnna 
•  pacified  in  theae  tails  waa  aufftclent  to  characlarlsa  air  iona  as  a 
parameter  poaalhly  dsaarvlng  control.  Although  most  of  tha  observed 
tncraaaa  In  dacay  can  lie  said  to  ha  due  to  Iha  physical  action  of  air  ions, 
thara  waa  repeated  evidence  that  negatively  t  barged  iona,  in  contract  to 
poaltlvely  charged  Iona,  are  responsible  fur  a  significant  amount  of  bio* 
logical  aaroaol  death, 

One  Limitation  of  thla  study  waa  the  fact  that  tha  action  ol  varlo.ua 
air  inn  denaitlaa  waa  not  taetadi  in  alt  teata  the  tnctaar  waa  operated 
at  iMKlmum  output,  Another  waa  the  fact  that  control  of  the  tamparatura 
and  humidity  in  tha  aaroaol  vaaeal  waa  not  poaaibla, 

Tha  poaalbie  impUcationa  of  tha  action  of  air  iona  during  aerobiologies  1 
studies  should  ba  further  investigated  under  more  precise  lest  condition* 
and  with  tha  use  of  infectious  microbial  aerosol*.  The  lattar  will  also 
allow  aaaaiamnt  of  any  changes  in  organ  lam  lnfaotivtty. 
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